Background It is still not clear which method is the most efficient for treating primary traumatic anterior shoulder dislocation. Immobilization in external rotation has become increasingly discussed within the last 10 years. The aim of this study was to evaluate the rate of recurrence and clinical outcome of the immobilization in external rotation after primary traumatic anterior dislocation within a midterm period of 5 years. Additionally, a summary of literature is given according to the present knowledge of this issue.
Introduction
In 1999, Itoi et al. [1] were the first to hypothesize a new method of immobilization for a first-time traumatically dislocated shoulder. Based on a cadaver study, they reported that external rotation of the shoulder with tightening of the anterior soft tissues was able to bring a labrum lesion into a better position on the antero-inferior glenoid. With external rotation of the arm, the anterior capsule and the subscapularis tendon pull the medially displaced labrum laterally onto the glenoid rim. In comparison with traditional immobilization in internal rotation, this new method was assumed to reduce the recurrence rate after a first-time traumatic anterior shoulder dislocation. These findings were later supported by Itoi et al. [2, 3] in an MRI study (2001) and in a randomized controlled study (2007) in which a significantly lower recurrence rate could be found in patients who were initially treated with an external rotation brace (20 % recurrence rate in the external rotation group vs. 38 % in the internal rotation group). Several other studies have been published since the initial reports by Itoi et al., investigating the immobilization period [4] and the amount of external rotation that is required to effectively reduce the labroligamentous complex (LLC) [5] .
Consistent with two prospective randomized studies, the potential of external rotation to significantly reduce the recurrence rate compared with the classical immobilization in internal rotation method came into question within the last 3 years [6, 7] . Recently, data published by Liavaag et al. found no advantage of external rotation in the recurrence rate in comparison with patients treated with an internal rotation brace [7] .
Given the inconsistent conclusions from the literature, the aim of the present study was to investigate the recurrence and instability rates of patients 5 years after primary traumatic anterior shoulder dislocation treated with an external rotation brace in our institution between 2004 and 2006. Furthermore, clinical examination and different clinical scores were used to record the condition of the affected shoulder in terms of function and stability. For the first time, midterm results for external rotation after primary traumatic dislocation are presented in the underlying prospective study and will be discussed in conjunction with the actual level of knowledge of this subject.
Patients and methods
Between May 2004 and May 2006, 29 patients with a firsttime traumatic anterior shoulder dislocation were enrolled in a prospective MRI-controlled study (Fig. 1) . A necessary criterion was an anterior primary traumatic shoulder dislocation without hyperlaxity (B2 by Gerber [8] ) or previous instability of the contralateral side. Exclusion criteria were concomitant bony injuries, such as fractures of the proximal humerus, scapula or glenoid (bony Bankart lesion, Bankart fracture), or lesions of surrounding or intra-articular soft tissues, such as rotator cuff tears. Also, patients with medical histories of previous injuries at the affected shoulder were excluded. The patients' ages ranged between 15 and 45 years. An interval between trauma and immobilization in external rotation of more than 14 days and an immobilization period\3 weeks were exclusion criteria. At the time of the 5-year follow-up examination, one patient (male, 42 years) admitted to non-compliance. He discontinued the immobilization before the end of 3 weeks because of limitations in his daily life and was thus excluded from the study (n = 28 patients remaining). Additionally, three patients were not invited for follow-up examination because of a re-dislocation and subsequent arthroscopic surgery of the affected shoulder in the interim (see below).
According to a standardized protocol, patients were clinically examined after traumatic shoulder dislocation and radiographs in two planes were obtained before and after reduction (AP before reduction, AP and axial view after reposition). Afterward, hyperlaxity of the contralateral unaffected shoulder was evaluated, and an ultrasound was performed on the dislocated shoulder to exclude rotator cuff lesions. All patients were scheduled to the shoulder clinic for an external rotation brace adjustment and were assigned to take the brace off only for personal hygiene. Within 14 days after dislocation, a standard MRI scan (Siemens Symphony 1.5 Tesla, axial, coronal, sagittal planes: plane thickness: 3 mm) of the affected shoulder in internal rotation was performed. If an LLC lesion was detected, the shoulder was brought into a maximum tolerated external rotation position (at least 10°) for additional axial planes (Fig. 2) . According to the method described by Itoi et al. [2] , the position of the LLC was measured using the axial MRI planes at the level of maximum medial dislocation (D) and the maximum anterior separation (S) (in millimeters) relative to the glenoid rim (Fig. 3) . Immediately after the MRI investigation, all shoulders were immobilized with an external rotation brace (Ultrasling Ò , Fa. Donjoy, Vista, CA, USA) between 15°and 30°e xternal rotation for 3 weeks. Six weeks after trauma, Fig. 1 Patient with the right shoulder immobilized in external rotation after primary traumatic shoulder dislocation a second MRI scan in internal rotation was performed in 23 patients (82 %) to re-investigate dislocation (D) and separation (S) of the LLC. Dislocation (D) and separation (S) 6 weeks after trauma performed in internal rotation were compared with the values of internal and external rotation of the initial MRI scan to determine whether the LLC stayed in an anatomic position. All measures were performed with the syngo fast View tool (Siemens Company, Munich, Germany). The Wilcoxon test for paired samples was used for statistical analysis, and a significance level was set at p = 0.05. Data analysis was performed with SPSS 18 for Windows (SPSS Inc., Chicago, IL).
After taking off the brace (3 weeks), no specific physiotherapeutic schema was instituted. The patients were advised to exercise the shoulder within the whole range of motion on their own but without forced internal rotation until the sixth week after dislocation. The patients were also recommended to refrain from contact sports for 3 months. After 6 weeks, a routine examination was performed for provisional control of success. Then, all patients were contacted by phone or by mail 5 years after the initial dislocation (May 2009-May 2011) and invited for a clinical follow-up examination. All patients were interviewed with regard to the subjectively experienced functional status of their shoulder, recurrent dislocation, subluxations, intermittent surgery, and history of any further shoulder trauma since ending immobilization. To investigate the functional status and, eventually, to reveal symptomatic or asymptomatic instabilities of the shoulder, a careful examination was performed at the affected side and the contralateral side using instability tests, such as the sulcus sign, apprehension and relocation test. Furthermore, the Constant and Murley score (CS) [9] and Rowe score (RS) [10] for both shoulders and the Western Ontario Shoulder Instability Index (WOSI) [11] for the affected shoulder were evaluated. The clinical examination and the clinical scores were performed by a medical doctor experienced in shoulder examination who was not involved in the initial treatment.
This study was approved by our institution's Medical Ethics Committee. patients the position of the labrum relative to the glenoid rim improved significantly with external rotation versus internal rotation (p = 0.001 for dislocation, p = 0.011 for separation of the LLC; see also Fig. 3 ). Six weeks later, after completing immobilization, the LLC was found to be fixed in the same position in 23 patients who returned for a new MRI image, while positioning the shoulder in internal rotation. Thus, compared to the imaging in external rotation after trauma, no significant difference was detected with the imaging of internal rotation with respect to dislocation (p = 0.057) 6 weeks later. In contrast, the separation showed a significant improvement in the labrum position (p = 0.005).
Results

MRI studies accomplished between May 2004 and May 2006 after initial trauma showed that in all examined
Twenty-six of the 28 patients (93 % follow-up rate; n = 25 males; n = 1 female; mean age, 29.3 ± 8.8 years, 15-45 years) could be interviewed via phone call between May 2009 and May 2011 regarding re-dislocations 5 years after initial shoulder dislocation. Two patients (7 %) could not be contacted via phone or mail and were lost to followup. Of the 26 patients contacted by phone, two patients reported having very good shoulder function without sustaining a recurrent dislocation or subluxation. However, these patients did not want to continue the follow-up visits and refused further evaluation. As mentioned above, three patients were not invited for follow-up examination because of a re-dislocation and subsequent arthroscopic surgery of the shoulder in the interim. Thus, 21 (75 %; n = 20 male, n = 1 female) of the 28 patients initially included in the study were re-examined clinically. Four of these patients refused to appear in person but agreed to complete a questionnaire by mail (self-evaluation Constant score [12] , WOSI [11] ). The Rowe score could not be evaluated in these four patients because the necessary instability test could not be performed by the examiner.
The mean interval between the dislocation and the beginning of the immobilization treatment in external rotation was 7.4 ± 3.8 days (range, 1-14 days). Six of the 28 patients (21.4 %) reported that they took off the brace not only for personal hygiene but also for other occasions (i.e., at night, driving a car). The average daily amount of time of immobilization was 22 h (range, 15-24 h). The right shoulder was affected in 54 % (n = 15) of the patients, and the left shoulder was affected in 46 % (n = 13) of the cases.
Of the 26 patients included for the 5-year follow-up examination, four suffered a recurrent dislocation within the following period after the end of immobilization (ø 12.2 month after initial dislocation), which corresponds to 15 % of all re-dislocations. In three of the four patients, the recurrence occurred within the first year after initial immobilization. In the fourth patient, the shoulder re-dislocated 24 months after the bracing treatment. In all patients, the re-dislocation was caused by a minor trauma with the arm in abduction and external rotation ( Table 1 ). All patients who sustained a re-dislocation were younger than 30 years at the initial trauma and at the time of recurrence, which corresponds to a recurrence rate of 25 % of all patients younger than 30 years of age (n = 4/16). Consequently, three patients underwent arthroscopic Bankart repair after the second dislocation (Fig. 4) . Patient 3 (Table 1) refused to undergo an operative treatment after the first re-dislocation (Fig. 5) . During the follow-up examination, the patient reported ''6-7 further dislocations'' within the last 5 years. Nonetheless, he did not desire operative treatment or further diagnostic examinations.
The mean CS at the time of follow-up was 92.8 ± 9.0 points compared to 96.2 ± 5.0 points for the unaffected shoulder. The mean WOSI was 87 ± 15.3 %, and the mean RS was 94.2 ± 12.3 points. One patient (45 years; daily wearing time of brace: 20 h) with a positive apprehension and relocation test was identified, and therefore, the shoulder of this patient was also considered unstable. However, re-dislocations did not occur during the whole time in this patient. Although the patient reported that he did well in his activities of daily life, he also refused further diagnostics or therapy at the time of follow-up examination. Also, he showed worse results in the CS and in the instability scores compared to the other study participants (CS: 63.5 points; WOSI: 41 %; RS: 70 points). Including this patient with the other four patients with re-dislocation, the overall rate of instability is 19 % at the 5-year followup within the study group. Complications related to the treatment in the external rotation brace were not observed.
Discussion
Due to high rates of recurrence after traditional immobilization in internal rotation after primary traumatic dislocation (e.g., with Gilchrist sling) [13, 14] , a new method of immobilization in external rotation was presented in 1999 by Itoi et al. [1] , who questioned the classical method of immobilization in internal rotation based on a cadaver study. This study showed for the first time that external rotation of the shoulder leads to repositioning of the LLC lesion on the glenoid neck. In another study in 2004, Miller et al. proved using a cadaver shoulder that increasing external rotation results in increased contact force of the labroligamentous lesion on the glenoid rim with a maximum contact force at 45° [15] . These findings were subsequently confirmed in MRI-based studies in patients. In 2001, Itoi et al. [2] reported a significantly lower separation and dislocation of the labrum in external rotation in relation to internal rotation. To demonstrate these observations in our own patient population, we initiated an MRI study in which we also found a significant difference in the labrum position relative to the glenoid cavity tangent comparing internal and external rotation [16] . Hart and Kelly verified the improved labrum position in external rotation in an arthroscopic examination and reported the best reduction of the labrum is 30°of abduction and approximately 60°of external rotation [17] . Then, for clinical practice, further details could be determined in subsequent studies on both the required duration of bracing in external rotation (3 weeks) [4] and immobilization (no difference between 15°and 30°external rotation) [5] . Furthermore, a wide acceptance of this special kind of immobilization was found within a treated group of patients [18] .
Only a few clinical studies of immobilization in external rotation are available. An expanded prospective study was published by Itoi et al. in 2007 . In this trial, the rate of recurrence was significantly lower within the group of bracing in external rotation compared to the group with internal rotation with an average follow-up of 25.6 months ( Table 2) . Additional calculations revealed a lowering of the relative risk of recurrence of about 38.2 % in the patients treated with the external rotation brace compared to the patients with internal rotation. Especially in the critical age range of \30 years, a reduction in the relative risk of recurrence was achieved at approximately 46.1 % [3] . For the first time, important questions have been raised in recent years regarding the method of immobilization in external rotation based on two further prospective trials, in which no benefit could been shown in relation to the rate of re-dislocations [6, 7] . In the work by Finestone et al. [6] , the rate of recurrent dislocations in a young, physically active male cohort (ø 20.3 years, range: 17-27 years) in the external rotation group was 37 %, which contrasts with 41.7 % in the internal rotation group. There was no significant difference between these two groups [6] . However, within the study by Itoi et al. [3] , an older patient population (internal rotation: 37 years; external rotation: 35 years) was included. It is known that patients\30 years of age are at higher risk of re-dislocations regardless of the form of immobilization [3, 7, [19] [20] [21] , which is also proven in the underlying study in relation to the whole study population (25 vs. 15 % see above).
Recently, a large prospective multicenter study was presented by Liavaag et al., involving 184 patients [7] . The work revealed bracing in external rotation did not result in an advantage (Table 2) . Moreover, no significant difference was found related to instability in the form of subluxations in the period after immobilization until the follow-up examination (external rotation: 38.3 %; internal rotation: 43.9 %), even if the occurrence of ''subluxation'' is certainly difficult to estimate retrospectively in each individual patient because of its subjective nature. Compared to Finestone et al. [6] , there is a large significant result in the study by Liavaag et al. regarding the average age of the examined patient group, which at 27 years (16-40 years) is on average approximately 10 years younger than the cohort in the comparative study by Itoi et al. [3] and lies mostly in the age range with a higher incidence for primary shoulder dislocations [7] .
Thus, regardless of the results achieved by Itoi et al., two other prospective control studies by different authors could not show a statistically significant advantage in the recurrence rate or clinical outcomes for external rotation when treating primary traumatic dislocation.
Within our patient population, four patients experienced a re-dislocation after 5 years due to minor trauma (15 %). At the time of primary trauma and re-dislocation, all of these patients were younger than 30 years of age (primary dislocation: 15-27 years, ø 18.5 years; re-dislocation: 15-29 years, ø 19.5 years), which corresponds to a rate of recurrence of 25 % in patients \30 years of age (n = 4/16). Thus, the rate of recurrence lies below the results of internal rotation in the literature at an equal age distribution [13, 14, 22, 23] . In addition to the four re-dislocations, another patient was found to have symptomatic instabilities in the affected shoulder by clinical exam and in the clinical scores (Rowe score, WOSI). These five recurrent instabilities indicate a total instability of 19 %, which is comparable with previously described recurrence rates from other studies investigating immobilization in external rotation of shorter follow-up periods and in similar patients of average age [3, 4, 7] (see also Table 2 ). As well as in the immobilization of internal rotation [22] or in the operative treatment groups [24] , our data show that in external rotation the majority of re-dislocations occur within the first 2 years after initial trauma (3-24 months, ø 12.2 months). The specific reasons for the re-dislocation or instability remain difficult to determine. Various causes and circumstances can be discussed, such as insufficient compliance with wearing the external rotation brace for 24 h or 3 weeks, which cannot be controlled throughout the immobilization period despite patient reports. Furthermore, it is unclear what type of labroligamentous lesion (Bankart lesion, Perthes lesion, etc.) rather results in a possible recurrent instability. In an MRI analysis in patients with primary traumatic dislocation and detachment of the labrum, we found Perthes lesions that showed a low degree of plastic deformation that MRI (a, yellow  arrow) . With external rotation, the labrum reduced sufficiently (b). After imaging 6 weeks later in internal rotation, the labroligamentous lesion is found to be reduced at the glenoid (c). After re-dislocation 12 months later, images reveal a consumed anterior labrum (d, arrow). Arthroscopy after recurrence confirms the scarred and frayed labrum at the anterior glenoid rim (e ? f; red star: anterior glenoid rim; black star: humeral head; yellow star: raspatory) (color figure online) displayed better reduction in external rotation compared to other lesions with high grade of plastic deformation [25] . However, the four patients with re-dislocation did not show uniform morphology of the labroligamentous lesion (two patients with Perthes lesions, two patients with Bankart lesions). Thus, the present study cannot make a prediction concerning the type and morphology of the labral lesion or about the healing rate in external rotation due to the low number of cases of re-dislocations. Also, the timing between the primary dislocation and the immobilization treatment must be considered regarding the reduction and the healing of the detached labrum. Scarred changes of the labrum in the early stage after the trauma may negatively affect the healing at the glenoid rim. At least, the temporal distance between the first trauma and using the external rotation brace did not appear to make any difference in patient 1 (bracing in external rotation on the next day after dislocation). Table 2 Recurrence rate after conservative treatment for primary traumatic dislocation using immobilization in internal rotation and external rotation within prospective control studies
Study
Recurrence (internal rotation) Recurrence (external rotation) ø Patients age (years) ø Follow-up (months)
Itoi et al. [3] Intention-to-treat analysis 42 % (n = 31/74) 26 % (n = 22/85) 36 25.6
Per-protocol analysis 38 % (n = 15/39) 20 % (n = 12/61) Finestone et al. [6] 41.7 % (n = 10/24) 37 % (n = 10/27) 20.3 33. 4 Liavaag et al. [7] Intention-to-treat analysis 24. Nevertheless, the non-operative treatment in external rotation must be measured with operative treatment regarding recurrences and clinical outcome. The most recently published studies by Finestone et al. [6] and Liavaag et al. [7] deemed the operative treatment to be the more efficient treatment for primary traumatic dislocation, even though a direct comparison between immobilization in external rotation and surgery is not available as a randomized controlled trial. In contrast to immobilization in internal rotation, recurrence rates of operative treatment are clearly superior [24, [26] [27] [28] . Although the risks for surgery, especially in arthroscopic stabilization, are low [28] [29] [30] , these risks have to be considered and disclosed to the patient during the decision-making process. Moreover, the 19 % with instability after 5 years should be critically discussed despite the good results of the remaining patients. However, it is notable that approximately 80 % of the patients did not need a surgical therapy but would have underwent an operation without a clear need for an operative intervention if the primary traumatic dislocation was initially considered an indication for surgery. The data presented here show that the conservative procedure in external rotation has led to good results in most of the patients. In our eyes, the immobilization in external rotation is further indicated as the primary therapy for the first traumatic dislocation. In conclusion, the advantages and disadvantages of each treatment should be pointed out adequately to the patient considering the individual demands and the age of the patient as well as the operational experience of the treating physician.
This study has several limitations. For direct comparison of the methods of internal and external rotation, a control group with patients treated with internal rotation would have been necessary. However, due to a lack of a control group, our comparison was made using the literature. Also, more recent MRI findings of the affected shoulders within the 5-year follow-up would have provided more information about the position and healing of the labrum compared to previous findings. However, many patients were naturally unwilling to be re-imaged for research purposes and there was no indication in the absence of symptoms. Another limitation is that at the time of patient enrollment (2004) (2005) (2006) , the period between initial trauma and immobilization was defined generously with a range of 0-14 days. Nevertheless, with an average of 7 days until immobilization, the percentage of recurrent instability did not increase compared to other studies in the literature, which applied a lower interval of trauma/immobilization period (see above).
After the first clinical results by Itoi et al. in 2003 [31] and 2007 [3] , it seemed that the new method of external rotation would lead to very good results. But the initial enthusiasm has been dampened by the recent published results of the above mentioned Scandinavian study [7] . Whether operative therapy is superior to non-operative treatment in external rotation for primary traumatic shoulder dislocation is subject to further investigations. Until clear data exist, we believe that immobilization in external rotation continues to be a reliable non-operative alternative to surgical treatment in primary traumatic shoulder dislocation at the present time.
Conclusion
Immobilization in external rotation of the shoulder for treatment for primary traumatic dislocation remains controversial given the varying recommendations in the current literature. This study shows that bracing in external rotation for 3 weeks leads to success over a period of 5 years in many patients. In our opinion, an important criterion for success is patient compliance with wearing the brace continuously within the prescribed period of time as well as the use of the brace in external rotation as early as possible after trauma. Whether the surgical treatment is more advantageous than external rotation regarding re-dislocations and rates of instability remains to be seen in the future. This conservative method in external rotation should be further on recommended as an alternative to an operation when assessing therapeutic choices during patient counseling.
